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( 57 ) ABSTRACT 
Disclosed is a light emitting diode using light of a short 
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and a back side , a second conductivity type semiconductor 
layer having a front side and a back side , an active layer 
formed between the back side of the first conductivity type 
semiconductor layer and the front side of the second con 
ductivity type semiconductor layer , a first electrode electri 
cally connected to the first conductivity type semiconductor 
layer , a second conductivity type reflective layer formed on 
the back side of the second conductivity type semiconductor 
layer , and a reflective part formed on the second conductiv 
ity type reflective layer to reflect light of a short wavelength 
band and light of a blue wavelength band and electrically 
connected to the second conductivity type semiconductor 
layer . The second conductivity type reflective layer includes 
DBR unit layers . Each of the DBR unit layers includes a low 
refractive index layer and a high refractive index layer 
adjacent to the low refractive index layer . The low refractive 
index layer and the high refractive index layer include 
Al Ga - N ( O < xsl ) and Al , Ga - , N ( Osy < 1 , y < x ) , respec 
tively . 
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LIGHT EMITTING DIODE This construction enables the use of a thick p - type electrode , 
ensuring good current spreading in the p - type semiconductor 

CROSS - REFERENCE TO RELATED layer . In addition , heat can be dissipated through the sub 
APPLICATION mount substrate , resulting in a significant reduction in ther 

5 mal resistance . 
The present application claims priority to Korean Patent In the flip - chip light emitting diode and the vertical light 

Application No . KR 10 - 2016 - 0032026 filed in the Republic emitting diode , light emitted from the active layer to the 
of Korea on Mar . 17 , 2016 , and to Japanese Patent Appli p - type semiconductor layer should be reflected towards the cation No . JP 2016 - 097186 filed in Japan on May 13 , 2016 , substrate . The formation of a reflective layer is necessary for all of which are hereby incorporated by reference in their 10 the reflection of light emitted to the p - type semiconductor entireties . layer . A metal electrode is generally used to perform the 

BACKGROUND OF THE INVENTION function of the reflective layer . 
SUMMARY OF THE INVENTION Field of the Invention 

The present invention relates to a light emitting diode , and An object of the present invention is to provide a light more specifically to a white light emitting diode including a 
p - type semiconductor layer , a conductivity type reflective emitting diode with improved light extraction efficiency that e layer formed on the p - type semiconductor laver to reflect uses light of a short wavelength band that is free from many 
light of a short wavelength band propagating through the 20 disadvantages associated with the use of aluminum in con 
p - type semiconductor layer , and a metal electrode formed on ventional light emitting diodes . 
the conductivity type semiconductor layer to further reflect A further object of the present invention is to provide a 
light of a short wavelength band and light of a visible light emitting diode constructed to include a first reflective 
wavelength band . layer for reflecting light of a short wavelength band and a 

Description of the Related Art 25 second reflective layer for reflecting light of a short wave 
Generally , nitrides of Group III elements , such as gallium length band and light of a blue wavelength band such that 

nitride ( GaN ) and aluminum nitride ( AIN ) , have recently the light emitting diode has high reflectance in a broad 
received much attention as materials for visible and ultra - wavelength region , including light of a short wavelength 
violet light emitting devices due to their good thermal band , achieving improved light extraction efficiency . 
stability and direct transition type energy band structure . 30 According to one aspect of the present invention , a light 
Particularly , blue and green light emitting devices using emitting diode includes a first conductivity type semicon 
indium gallium nitride ( InGaN ) are utilized in various ductor layer having a front side and a back side , a second 
applications , including large - area full - color flat panel dis conductivity type semiconductor layer having a front side 
plays , traffic signal lamps , indoor lighting systems , high and a back side , an active layer formed between the back 
density light sources , high - resolution output systems , and 35 side of the first conductivity type semiconductor layer and 
optical communications . the front side of the second conductivity type semiconductor 

It is difficult to grow a nitride semiconductor layer of a layer , a second conductivity type reflective layer formed on 
Group III element on a substrate made of the same material . the back side of the second conductivity type semiconductor 
Due to this difficulty , a nitride semiconductor layer of a layer , and a reflective part formed on the back side of the 
Group III element is grown on a substrate made of a 40 second conductivity type reflective layer opposite the second 
dissimilar material with a similar crystal structure by a conductivity type semiconductor layer to reflect light of a 
suitable process , metal organic chemical vapor deposition short wavelength ( UVA wavelength ) band and light of a blue 
( MOCVD ) or molecular beam epitaxy ( MBE ) . A sapphire wavelength band and electrically connected to the second 
substrate having a hexagonal system structure is mainly used conductivity type semiconductor layer wherein the second 
as the dissimilar substrate . However , sapphire is an electrical 45 conductivity type reflective layer includes distributed bragg 
insulator , limiting the structure of a light emitting diode . A reflector ( DBR ) unit layers for reflecting light of a short 
technique for fabricating a vertical light emitting diode with wavelength ( UVA wavelength ) band of 315 nm to 420 nm , 
high efficiency has been recently developed in which epi - each of the DBR unit layers includes a low refractive index 
taxial layers , such as nitride semiconductor layers , are layer and a high refractive index layer adjacent to the low 
allowed to grow on a growth substrate made of a dissimilar 50 refractive index layer , the low refractive index layer and the 
material , such as sapphire , a support substrate is bonded to high refractive index layer include Al , Ga , N ( 0 < xsl ) and 
the epitaxial layers , and the growth substrate is separated by A1 , Ga1 N ( Osy < 1 , y < x ) , respectively , the DBR unit layers 
a suitable process , such as a laser lift - off process . According are repeated in at least triplicate in the second conductivity 
to this technique , a vertical light emitting diode is fabricated type reflective layer , and when the total doping concentra 
by sequentially forming an n - type GaN layer , an active layer , 55 tion of the second conductivity type dopant in the initial 
and a p - type GaN layer on a sapphire substrate as a growth three DBR unit layers placed closest to the back side of the 
substrate , forming a p - type ohmic electrode or an ohmic second conductivity type semiconductor layer and the total 
reflective layer on the p - type GaN layer , bonding a support doping concentration of the second conductivity type dopant 
substrate thereon , removing the sapphire substrate , and in the other DBR unit layers are defined as first and second 
forming an electrode pad on the exposed n - type compound 60 doping concentrations , respectively , the first doping concen 
semiconductor layer . tration is lower than the second doping concentration . 
On the other hand , a flip - chip light emitting diode has According to one embodiment , a phase - matching layer is 

been developed that achieves high luminance and high formed between the second conductivity type semiconduc 
output without the need for bonding wires to the sides of an tor layer and the second conductivity type DBR . 
electrode pad . The flip - chip light emitting diode is generally 65 According to one embodiment , the first doping concen 
constructed such that light is emitted through a sapphire t ration is from 1x1016 cm - to 5x1017 cm ^ 3 and the second 
substrate rather than through a p - type semiconductor layer . doping concentration is from 1x1018 cm - 3 to 1x1021 cm - 3 . 
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According to one embodiment , the doping concentration FIG . 2 is a longitudinal sectional view of a light emitting 
of the second conductivity type dopant in the DBR unit layer diode according to one embodiment of the present invention ; 
placed closest to the reflective part as a second electrode is FIG . 3 shows wavelength - dependent changes in the 
from 5x1018 cm + 3 to 1x1021 cm - 3 and is higher than those in reflectance of a light emitting diode according to one 
the other DBR unit layers to achieve improved ohmic 5 embodiment of the present invention ; 
contact . FIG . 4 shows an example of position - dependent changes 

According to one embodiment , the second electrode in the aluminum ( Al ) content of low refractive index layers 
includes a second conductivity type intermediate layer for and high refractive index layers of DBR unit layers consti 
improving ohmic contact and a reflective metal layer for tuting a second conductivity type reflective layer of a light 
reflecting light of a short wavelength band and light of a blue of a blue 10 emitting diode according to one embodiment of the present 
wavelength band . invention ; 

According to one embodiment , the reflective metal layer FIG . 5 shows a further example of position - dependent 
changes in the aluminum ( Al ) content of low refractive includes silver . index layers and high refractive index layers of DBR unit According to one embodiment , a sapphire , SiC , Si , glass 15 layers constituting a second conductivity type reflective 

or ZnO substrate is located on the front side of the first layer of a light emitting diode according to one embodiment conductivity type semiconductor layer . of the present invention ; and According to one embodiment , the first conductivity type FIG . 6 shows an example of position - dependent changes 
semiconductor layer is an n - type semiconductor layer and in the aluminum ( Al ) content of low refractive index layers 
the second conductivity type semiconductor layer is a p - type 20 and high refractive index layers of DBR unit layers of the 
semiconductor layer . light emitting diode shown in FIG . 5 in which a first 

According to one embodiment , each of the DBR unit transition portion and a second transition portion in the form 
layers of the second conductivity type reflective layer of quadratic curves are formed in one of the DBR unit layers . 
includes a first transition portion formed between the low The formation of the first and second transition portions can 
refractive index layer and the high refractive index layer and 25 prevent a rapid change in energy band , leading to a reduction 
whose Al content gradually decreases from the front to the in the electrical resistance of the DBR unit layer . 
back and a second transition portion formed between the 
high refractive index layer and the low refractive index layer DETAILED DESCRIPTION OF THE 
of the next adjacent DBR unit layer and whose Al content INVENTION 
gradually increases from the front to the back . 

According to one embodiment , delta doping may be A metal electrode including silver ( Ag ) may be used as a 
applied to the starting and end points of each of the first reflective layer . However , silver has substantially low reflec 
transition portion and the second transition portion . tance values in the UVA wavelength band of 315 nm to 420 

According to one embodiment , the second conductivity nm despite its very high reflectance in the blue wavelength 
type reflective layer has a thickness of 60 nm to 1500 nm . 35 band , as shown in FIG . 1 . Accordingly , the use of silver as 

According to one embodiment , each of the DBR unit a material for a reflective layer is not suitable for the 
layers has a thickness of 60 nm to 100 nm . fabrication of a white light emitting diode using the UVA 

According to one embodiment , each of the low refractive wavelength band . 
index layers and the high refractive index layers of the DBR Aluminum ( Al ) may be used as a material for a reflective 
unit layers has a thickness of 30 nm to 50 nm . 40 layer or electrode for reflecting light of a UVA wavelength 

According to one embodiment , the second conductivity band . Aluminum ( Al ) has high reflectance values in the UVA 
type intermediate layer has a thickness of 10 nm to 150 nm . wavelength band , as shown in FIG . 1 , but has poor ohmic 

According to one embodiment , the phase - matching layer contact with a p - type semiconductor layer . The use of an 
includes Al , Gal - XN ( 0 < x < 1 ) . aluminum electrode involves the use of a diffusion barrier 

According to one embodiment , the phase - matching layer 45 layer , together with a process for forming the diffusion 
has a thickness of 5 nm to 50 nm . barrier layer . 

According to one embodiment , the Al content of each of FIG . 2 is a longitudinal sectional view of a light emitting 
the first transition portions and the second transition portions diode according to one embodiment of the present invention , 
may vary linearly or in the form of a quadratic curve . FIG . 3 shows wavelength - dependent changes in the reflec 
As described above , the light emitting diode of the present 50 tance of a light emitting diode according to one embodiment 

invention is constructed to include a first reflective layer for of the present invention , FIG . 4 shows an example of 
reflecting light of a short wavelength band and a second position - dependent changes in the aluminum ( Al ) content of 
reflective layer for reflecting light of a short wavelength low refractive index layers and high refractive index layers 
band and light of a blue wavelength band . Due to this of DBR unit layers constituting a second conductivity type 
construction , the light emitting diode of the present inven - 55 reflective layer of a light emitting diode according to one 
tion has high reflectance in a broad wavelength region , embodiment of the present invention , FIG . 5 shows a further 
including UVA and blue wavelength bands , achieving fur example of position - dependent changes in the aluminum 
ther improved light extraction efficiency . ( Al ) content of low refractive index layers and high refrac 

tive index layers of DBR unit layers constituting a second 
BRIEF DESCRIPTION OF THE DRAWINGS 60 conductivity type reflective layer of a light emitting diode 

according to one embodiment of the present invention , and 
These and / or other aspects and advantages of the inven - FIG . 6 shows various composition profiles of aluminum 

tion will become apparent and more readily appreciated included in DBR unit layers . The light emitting diodes 
from the following description of the embodiments , taken in exemplified in these figures are flip - chip light emitting 
conjunction with the accompanying drawings of which : 65 diodes . Although the following description is focused on 

FIG . 1 shows wavelength - dependent changes in the flip - chip light emitting diodes , it should be noted that the 
reflectance of aluminum ( Al ) and silver ( Ag ) ; same description is also applicable to vertical light emitting 
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diodes . It should also be noted that the thickness of each unit layer 50a is made for the other DBR unit layers . The 
layer in the drawings is exaggerated or schematically illus DBR unit layer 50a includes a low refractive index layer 
trated for convenience in description . 50al and a high refractive index layer 50a2 adjacent to each 

FIG . 2 illustrates a light emitting diode according to one other . The low refractive index layer 50al and the high 
embodiment of the present invention . As illustrated in FIG . 5 refractive index layer 50a2 include Al , GaN ( 0 < xsl ) and 
2 , the light emitting diode includes a sapphire substrate 10 , A1 , GaN ( Osy < 1 , y < x ) , respectively . The number of the 
a first conductivity type semiconductor layer 20 , an active DBR unit layers 50a , 50b , 50c , . . . , 50z in the second 
layer 30 , a second conductivity type semiconductor layer 40 , conductivity type reflective layer 50 is variable and may be 
a second conductivity type reflective layer 50 , a first elec - adjusted such that the reflectance of the second conductivity 
trode 80 , a reflective part as a second electrode , and a 10 type reflective layer 50 is substantially 80 % or higher . The 
phase - matching layer 90 . term “ adjacent ” used in the explanation of the positions of 

Each of the first conductivity type semiconductor layer 20 the low refractive index layer 50al and the high refractive 
and the second conductivity type semiconductor layer 40 has index layer 50a2 means that the low refractive index layer 
a front side and a back side . As illustrated , the first conduc - 50al may directly neighbor the high refractive index layer 
tivity type semiconductor layer 20 is an n - type semiconduc - 15 50a2 without an intervening element therebetween or an 
tor layer and the second conductivity type semiconductor intervening element may be present between the low refrac 
layer 40 is a p - type semiconductor layer . In this figure , the tive index layer 50al and the high refractive index layer 
front and back sides of each of the first conductivity type 50a2 . 
semiconductor layer 20 , the active layer 30 , and the second As illustrated in FIG . 2 , the low refractive index layers 
conductivity type reflective layer 50 refer to the sides 20 50al and the high refractive index layers 50a2 are repeated 
directed toward the top and bottom , respectively . alternately to form a continuous pattern in the DBR unit 

The active layer 30 is formed between the back side of the layers 50a , 505 , 50c , . . . , 50z of the second conductivity 
first conductivity type semiconductor layer 20 and the front type reflective layer 50 . 
side of the second conductivity type semiconductor layer 40 . For example , in the case where the second conductivity 
The active layer 30 is a layer where electrons recombine 25 type semiconductor layer 40 may be , for example , a p - type 
with holes to produce light . The active layer 30 may have a semiconductor layer , the second conductivity type reflective 
multiple quantum well ( MQW ) structure . For example , the layer 50 is a p - type DBR . The low refractive index layer 
active layer 30 may be a semiconductor layer composed of 50al and the high refractive index layer 50a2 include 
a nitride , such as InGaN , AIGN , AlGaInN or GaN . Al , Ga N ( 0 < xsl ) and A1 , , Ga „ N ( Osy < 1 , y < x ) , respec 

The first conductivity type semiconductor layer 20 , the 30 tively , as described above , and the Al content of the low 
active layer 30 , and the second conductivity type semicon - refractive index layer 50al is always higher than that of the 
ductor layer 40 may be formed by suitable deposition and high refractive index layer 50a2 because the refractive index 
epitaxy processes , such as chemical vapor deposition of GaN ( ~ 2 . 4 in the UV band ) is lower than that of AIN . 
( CVD ) , metal organic chemical vapor deposition In the formulae Al , Ga1 - xN and Al , Gal - „ N representing 
( MOCVD ) , plasma - enhanced chemical vapor deposition 35 the low refractive index layer 50al and the high refractive 
( PECVD ) , molecular beam epitaxy ( MBE ) , and hydride index layer 50a2 , respectively , x and y satisfy the relation 
vapor phase epitaxy ( HVPE ) . ship Osy < xs1 . That is , the aluminum ( Al ) content of the low 

The first electrode 80 is an element electrically connected refractive index layer 50al is higher than that of the high 
to the first conductivity type semiconductor layer 20 . The refractive index layer 50a2 . The compositions of the low 
reflective part is formed on the back side of the second 40 refractive index layer 50al and the high refractive index 
conductivity type reflective layer and functions as a second layer 50a2 may vary stepwise to reduce a rapid change in 
electrode . The reflective part consists of a second conduc energy band . Based on the above formulae , the low refrac 
tivity type intermediate layer 72 for improving ohmic con - tive index layer 50al and the high refractive index layer 
tact and a reflective metal layer 74 for reflecting light of 50a2 may be , for example , composed of AIN and GaN , 
UVA and blue wavelength bands . For example , the first 45 respectively . 
electrode 80 is an electrode electrically connected to the first T he doping concentration of the second conductivity type 
conductivity type semiconductor layer 20 and the reflective dopant in the DBR unit layer 50z placed closest to the 
part is electrically connected to the second conductivity type second electrode is higher than those in the other DBR unit 
semiconductor layer 40 to function as a second electrode . layers . This concentration profile can improve the ohmic 
Given that the second conductivity type reflective layer 50 50 contact with the second electrode . For example , when the 
functions as a first reflective layer , which will be explained second conductivity type dopant is a p - type dopant , the DBR 
below , the reflective metal layer 74 of the reflective part unit layer 50z placed closest to the p - type electrode may be 
functions as a second reflective layer . The second conduc ap - type semiconductor layer doped with the dopant at a high 
tivity type intermediate layer 72 may substantially have a concentration up to a maximum of 5x1020 cm % . 
thickness of 10 nm to 150 nm . 55 In the second conductivity type reflective layer 50 , when 

The second conductivity type reflective layer 50 is formed the total doping concentration of the second conductivity 
on the back side of the second conductivity type semicon - type dopant in the initial three DBR unit layers 50a , 50b , and 
ductor layer 40 , that is , between the back side of the second 50c placed closest to the back side of the second conduc 
conductivity type semiconductor layer 40 and the reflective tivity type semiconductor layer 40 and the total doping 
part , to reflect light of a short wavelength band entering 60 concentration of the second conductivity type dopant in the 
through the second conductivity type semiconductor layer other DBR unit layers are defined as first and second doping 
40 from the active layer . Herein , the short wavelength is concentrations , respectively , the first doping concentration 
substantially from 315 nm to 420 nm . may be lower than the second doping concentration . This 

The second conductivity type reflective layer 50 includes doping concentration profile can reduce the occurrence of 
DBR unit layers 50a , 500 , 500 , . . . , 50z . Hereinafter , the 65 free - carrier absorption in the second conductivity type 
DBR unit layer 50a is explained as a representative example reflective layer 50 because free - carrier absorption occurs 
of the DBR unit layers but the same explanation of the DBR relatively frequently in the DBR unit layers placed relatively 
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close to the active layer 30 compared to in the other DBR diode has high reflectance in a broad wavelength band , 
unit layers . The second doping concentration may be sub - including UVA , achieving further improved light extraction 
stantially from 1x1018 cm - 3 to 1x1021 cm - and the first efficiency . 
doping concentration may be substantially from 1x1016 In the light emitting diode illustrated in FIG . 2 , the low 
cm - 3 to 5x1017 cm - 3 . For example , the thickness of the 5 refractive index layer 50al and the high refractive index 
second conductivity type reflective layer 50 may be sub layer 50a2 of each of the DBR unit layers ( for example , 50a ) 
stantially from 60 nm to 1500 nm and each DBR unit layer include Al Gal - XN ( 0 < xsl ) and Al , Ga - N ( Osy < 1 , y?x ) , 
( for example , 50a ) may be substantially from 60 nm to 100 respectively . The aluminum ( Al ) content of the second 
nm . In the DBR unit layer ( for example , 50a ) , each of the conductivity type reflective layer 50 may vary and some 
low refractive index layer 50al and the high refractive index " examples thereof are graphically shown in FIGS . 4 to 6 . In 
layer 50a2 may be substantially from 30 nm to 50 nm . each graph , the x - axis shows the position of the second 

The phase - matching layer 90 is added between the second conductivity type reflective layer 50 and the y - axis shows 
conductivity type semiconductor layer 40 and the second the Al content when the second conductivity type reflective 
conductivity type reflective layer 50 to maximize the effec - 1 layer 50 is positioned vertically . 
tive reflectance of the reflective layers . As in the initial three R eferring to FIG . 4 , a represents the low refractive index 
DBR unit layers 50a , 50b , and 50c , the doping concentration layer 50al , b represents the high refractive index layer 50a2 , 
of the second conductivity type dopant in the phase - match - and the sum a + b is the DBR unit 50a . The low refractive 
ing layer 90 is also maintained at a lower level than the index layer 50al is substantially an AIN layer where the Al 
second doping concentration . This concentration profile can 20 content is highest and the high refractive index layer 50a2 is 
reduce the occurrence of free - carrier absorption . For substantially a GaN layer where the Al content is lowest . 
example , the second doping concentration may be substan - Accordingly , the AIN and GaN layers are repeated in an 
tially from 1x1018 cm - 3 to 1x1021 cm - 3 and the doping alternating pattern in the second conductivity type reflective 
concentrations of the second conductivity type dopant both layer 50 . 
in the initial three DBR unit layers 50a , 50b , and 50c and in 25 Referring next to FIG . 5 , each of the DBR unit layers of 
the phase - matching layer may be substantially from 1x1016 the second conductivity type reflective layer 50 includes a 
cm - 3 to 5x1017 cm - 3 . For example , the phase - matching first transition portion t1 formed between the low refractive 
layer 90 may include Al , Gal - N ( 0 < x < 1 ) and may have a index layer 50al and the high refractive index layer 50a2 
thickness of 5 nm to 50 nm and whose Al content gradually decreases from the front to 

As described above , the light emitting diode of the present 30 the back and a second transition portion t2 formed between 
invention is constructed to include the second conductivity the high refractive index layer 50a2 and the low refractive 
type reflective layer 50 as a first reflective layer for reflecting index layer 50al of the next adjacent DBR unit layer ( 50b 
light of a UVA wavelength band and the reflective metal of FIG . 2 ) and whose Al content gradually increases from 
layer 74 as a second reflective layer for reflecting light of a zs the front to the back . In FIG . 5 , the low refractive index layer 
UVA wavelength band and light of a blue wavelength band . is represented by 0 . 5t2 + a + 0 . 5t1 , the high refractive index 
Due to this construction , the light emitting diode of the layer is represented by 0 . 5t1 + b + 0 . 5t2 , and the thickness of 
present invention has high reflectance in a broad wavelength one DBR unit layer is represented by a + b + 1 + t2 . Consider 
region , including UVA and blue wavelength bands , achiev i ng the relation with wavelength , the DBR unit layer may be 
ing further improved light extraction efficiency . Further - 40 designed such that the optical thickness ( i . e . a + b + t1 + 12 ) is 
more , the conductivity type DBR reflects light propagating N2 . Each of the low refractive index layer 50al and the high 
through the p - type semiconductor layer , achieving improved refractive index layer 50a2 of the DBR unit layer may be 
light efficiency . The formation of the conductivity type DBR designed to have a thickness of N4 . The Al content profile 
can advantageously eliminate the need for additional pro of each of the first transition portion t1 and the second 
cesses for the formation of a non - conductivity type DBR and 45 transition portion t2 may vary , for example , linearly or in the 
current paths . form of a quadratic curve . 

Referring next to FIG . 3 , wavelength - dependent changes The starting point P3 and the end point P4 of the first 
in the reflectance of the light emitting diode illustrated in transition portion tl and the starting point P1 and the end 
FIG . 2 will be discussed . Section 1 ( S1 ) is a wavelength point P2 of the second transition portion t2 are heterojunc 
band shorter than Section 2 ( S2 ) . Section 1 and shorter 50 tions where the content of Al is changed rapidly rather than 
sections correspond to UVB and UVC wavelength bands gradually . Only these points can be subjected to delta doping 
that are not used in white light emitting diodes . Section 2 is to prevent a rapid change in energy band . Although the Al 
a portion of the UVA wavelength band ( 315 nm to 420 nm ) content profiles have been explained herein with reference to 
and is mostly reflected from the second conductivity type the drawings , the Ga content also varies in response to the 
reflective layer 50 illustrated in FIG . 2 . In this wavelength 55 Al content because the DBR unit layers are composed of 
band , the second conductivity type reflective layer 50 shows Al Gal - N ( 0 < xsl ) and Al , Ga - N ( Osy < 1 , y < x ) . 
a reflectance of s90 % ( 50 . 9 ) , which is given by the red curve Generally , delta doping is a technique to obtain a doping 
in Section 2 . Section 3 corresponds to a portion of the UVA profile that looks like a delta function . During doping in the 
wavelength band and the blue wavelength band . In this second conductivity type reflective layer 50 , high back 
section , light is reflected from the reflective metal layer 74 , 60 ground doping leads to an overall increase in the occurrence 
as given by the grey graph . The grey graph is obtained when of free - carrier absorption . In the present invention , the 
silver is used as a material for the reflective metal layer 74 . occurrence of free - carrier absorption can be prevented by 
In conclusion , the second conductivity type reflective layer adjusting the second doping concentration to the level of 
50 as a first reflective layer reflects light of a UVA wave - 1x1018 cm - 3 to 1x1021 cm - 3 and applying delta doping to 
length band and the reflective metal layer 74 as a second 65 only the portions , i . e . the transition portions t1 and t2 , where 
reflective layer reflects light of a UVA wavelength band and the content of Al varies . The adjustment of the second 
light of a blue wavelength band such that the light emitting doping concentration and the delta doping can reduce a rapid 
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change in energy band with varying Al content , leading to a 3 . The light emitting diode according to claim 2 , wherein 
reduction in the resistance of the second conductivity type the phase - matching layer comprises Al , GaN ( 0 < x < 1 ) . 
reflective layer 50 . 4 . The light emitting diode according to claim 2 , wherein 

As is apparent from the foregoing , the new concept of the phase - matching layer has a thickness of 5 nm to 50 nm . 
light emitting diode of the present invention does not require 5 5 . The light emitting diode according to claim 1 , wherein 
the use of a reflective metal electrode , such as a silver or the first doping concentration is from 1x10°cmto 5x10 " 
aluminum electrode that is not suitable for the formation of cm and the second doping concentration is from 1x1018 
current paths due to its poor mechanical / electrical connec cm - 3 to 1x1021 cm - 3 . 
tion to a p - type semiconductor layer , unlike conventional 6 . The light emitting diode according to claim 1 , wherein 

light emitting diodes in which a non - conductivity type DBR 10 the doping concentration of the second conductivity type 
dopant in the DBR unit layer placed closest to the reflective is formed on a p - type semiconductor . In addition , the light part is higher than those in the other DBR unit layers to efficiency of the light emitting diode according to the present achieve improved ohmic contact . invention can be considerably improved without the need to 7 . The light emitting diode according to claim 1 , wherein 

use an additional reflective metal layer . the reflective part comprises a second conductivity type 
What is claimed is : intermediate layer for improving ohmic contact and a reflec 
1 . A light emitting diode comprising : tive metal layer for reflecting light of a short wavelength 
a first conductivity type semiconductor layer having a band and light of a blue wavelength band . 

front side and a back side ; 8 . The light emitting diode according to claim 7 , wherein 
a second conductivity type semiconductor layer having a 20 the reflective metal layer comprises silver . 

front side and a back side ; 0 9 . The light emitting diode according to claim 7 , wherein 
an active laver formed between the back side of the first the second conductivity type intermediate layer has a thick 

conductivity type semiconductor layer and the front ness of 10 nm to 150 nm . 
side of the second conductivity type semiconductor 10 . The light emitting diode according to claim 1 , wherein 
layer ; a sapphire substrate is located on the front side of the first 

a second conductivity type reflective layer formed on the 25 conductivity type semiconductor layer . 
back side of the second conductivity type semiconduc 11 . The light emitting diode according to claim 1 , wherein 
tor layer ; the first conductivity type semiconductor layer is an n - type 

a reflective part formed on the back side of the second semiconductor layer and the second conductivity type semi 
conductivity type reflective layer opposite the second 30 conductor layer is a p - type semiconductor layer . 

conductivity type semiconductor layer to reflect light of 30 12 . The light emitting diode according to claim 1 , wherein 
a short wavelength ( UVA wavelength ) band and light of each of the DBR unit layers of the second conductivity type 
a blue wavelength band ; reflective layer comprises a first transition portion formed 

the reflective part electrically connected to the second between the low refractive index layer and the high refrac 
conductivity type semiconductor layer wherein the 35 tive index layer and whose Al content gradually decreases 
second conductivity type reflective layer comprises 35 from the front to the back and a second transition portion 
distributed bragg reflector ( DBR ) unit layers for reflect formed between the high refractive index layer and the low 
ing light of a short wavelength ( UVA wavelength ) band refractive index layer of the next adjacent DBR unit layer 
of 315 nm to 420 nm , each of the DBR unit layers and whose Al content gradually increases from the front to 
comprises a low refractive index layer and a high 20 the back . 
refractive index layer adjacent to the low refractive 40 13 . The light emitting diode according to claim 12 , 
index layer ; wherein delta doping is applied to the starting and end points 

the low refractive index layer and the high refractive of each of the first transition portion and the second transi 
index layer comprise Al Gal - N ( 0 < xsl ) and Al , Gal - v tion portion . 

14 . The light emitting diode according to claim N ( Osy < 1 , y < x ) , respectively ; and 12 , 
the DBR unit layers are repeated in at least triplicate in the 45 wherein the Al content profile of each of the first transition 

second conductivity type reflective layer , and when the portions and the second transition portions is linear or a 
total doping concentration of the second conductivity quadratic curve . 

type dopant in the initial three DBR unit layers placed 15 . The light emitting diode according to claim 1 , wherein 
closest to the back side of the second conductivity type 50 the second conductivity type reflective layer has a thickness 

c m 1500 semiconductor layer and the total doping concentration 16 . The light emitting diode according to claim 1 , wherein of the second conductivity type dopant in the other 
DBR unit layers are defined as first and second doping each of the DBR unit layers has a thickness of 60 nm to 100 
concentrations , respectively , the first doping concen nm . 

tration is lower than the second doping concentration . 5 17 . The light emitting diode according to claim 1 , wherein 
2 . The light emitting diode according to claim 1 , wherein 55 each of the low refractive index layers and the high refrac 

a phase - matching layer is formed between the second con tive index layers of the DBR unit layers has a thickness of 
ductivity type semiconductor layer and the second conduc 30 nm to 50 nm . 
tivity DBR . * * * * 


